and have precluded the establishment of any consensus regarding the appropriate indications for the use of imaging studies. 58, 65, 67, 85, 90 Although a lower threshold for the use of advanced imaging would hypothetically result in the detection and possible prevention of a greater number of CSIs, these benefits must be weighed against the associated risks and considerable costs of performing such studies and the additional treatments initiated due to false-positive results. 18, 19, 41, 77 Indeed, complications have been reported in 6-71% of critically ill patients during and after transport.
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Accurate knowledge of the prevalence of CSI in trauma patients is therefore essential for assessing the need for immobilization and/or further imaging. Scattered studies of CSI in clinical series composed of all trauma patients report CSI prevalences ranging from 1 to 14%. 59, 87 However, unevaluable patients require a higher index of suspicion than the general trauma population, 5, 46, 51, 64, 80, 96 with one patient series estimating that a GCS score ≤ 8 incurs an almost 6-fold increase in the risk of CSI.
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Numerous patient series have examined the sensitivities of various imaging modalities in the detection of CSI, and as such represent a large volume of data from which to calculate overall prevalence. However, considerable variation exists in rates of radiographic evidence of CSI, with 1 study reporting CT or MR imaging findings in 40% of obtunded patients. 90 By systematically pooling data from relevant clinical series, more generalizable estimates of CSI prevalence in all trauma patients, alert patients, and unevaluable patients with trauma can be determined, along with the proportion of patients whose unstable injuries confer a risk of quadriplegia.
Methods
We performed English-language searches of Medline and PubMed for articles published between 1985 and January 2008. The search used various combinations of the key words "spinal injuries," "cervical vertebrae," "instability," "trauma," "clearance," "neck," "diagnosis," "epidemiology," "prevalence," and "incidence." We refined the search by eliminating laboratory studies, case reports, editorials, or reviews without newly reported data, and case series with duplicated or overlapping data. These findings were supplemented by using the "Find Similar" and "Find Citing Articles" features of Medline and "Related Articles" feature of PubMed, as well as the bibliographies of selected articles. Articles were analyzed and compared with reference to the setting, study organization, definitions of clinical criteria, and data collection methods. Studies restricted to children < 15 years of age were excluded. If a study reported prevalence rates from pediatric cases separately from those in an adult population, these data were also excluded from the analysis. Studies meeting our criteria for inclusion were organized into 3 categories: those composed of all trauma patients, alert patients, and unevaluable patients with trauma. Those studies reporting rates of instability upon detection of CSI were also placed into a fourth category, which overlapped in part with the previously listed categories. The "all trauma" category contained series in which patients were not further classified by clinical evaluability on presentation. These series were composed of patients with either unrestricted blunt and penetrating trauma or blunt trauma alone, whereas those composed solely of patients with penetrating trauma were excluded. Patients were deemed alert if they had reliable clinical examination findings, consisting minimally of being able to respond to questions regarding neck pain and cooperate with neck movement instructions. Patients were considered unevaluable if impaired consciousness, inebriation, confusion, endotracheal intubation, or distracting injuries rendered the clinical examination of the cervical spine unreliable. An unstable injury was defined as any fracture, dislocation, or purely ligamentous injury necessitating external stabilization and/or operative fixation. Data concerning unstable injuries were pooled from all series reporting their prevalence without subclassification on the basis of clinical evaluability.
Mean prevalence values for each group were obtained using variance-weighted pooling. A mixed-effects logistic regression model was used, using SAS PROC NLMIXED (SAS, Inc.). Data within each study were considered a cluster and a hierarchical model was used to calculate the average prevalence rate. The binary nature of the outcome allowed the use of summary statistics as a proxy for the entire data set. The effect across studies was assumed to vary as a normal distribution. The overall prevalence rate was calculated as the population-average estimate, together with its 95% confidence intervals. Mean prevalence values for alert and unevaluable patients were compared, using a likelihood ratio test for pooled data.
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We considered differences with a probability value < 0.05 to be statistically significant.
Results
Sixty-five studies with a total of 281,864 subjects were selected with information on the prevalence of CSI or the proportion of instability in CSI. (Table 2) . Twenty series contained 49,938 unconscious or obtunded patients who met our criteria for unevaluable (Table 3) . Twenty-one series composed of 3555 patients with known CSI reported data on the proportion of these injuries considered to be unstable (Table 4 ; Fig. 1) . Tables 1 through 4 analyze the evidentiary characteristics of these series. The overall prevalence of CSI in all trauma patients was 3.7% (Tables 1 and 5 ). In alert patients only, the prevalence of CSI was 2.8% (Tables 2 and 5 ). Clinically unevaluable patients were found to be at increased risk of CSI with a prevalence of 7.7% (Tables 3 and 5 ). Once detected, 41.9% of all CSI were subsequently determined to be unstable (Tables 4 and 5 ). The difference in prevalence of CSI between the alert and unevaluable groups was statistically significant, with unevaluable patients at a significantly greater risk for CSI than alert patients (p = 0.0072).
Discussion
Our findings demonstrate a higher prevalence of CSI in clinically unevaluable patients with trauma compared with alert patients with trauma. Hence, this high-risk patient population may be subject to increased occult unstable injuries. The potential for quadriplegia following CSI that is undiagnosed underscores the importance of detecting such injuries, but it is unknown whether the use of advanced imaging techniques for cervical spinal clearance is cost effective when compared with prolonged semirigid collar immobilization. A more precise quantification of the prevalence of CSI in these populations allows us for the first time to make evidence-based decisions in guiding large-scale resource utilization. It is our expectation that these prevalence figures will aid in the calculations needed for indicated cost-effectiveness studies.
There are several important limitations to this study. Many of these limitations are inherent to the technique of meta-analysis, and are the result of variations in the definition of certain clinical terms used by articles that met our inclusion criteria. Most notable of these is the distinction between alert and unevaluable trauma patient populations. Every attempt was made to categorize the included studies systematically, although the existence of minor disparities between study populations is acknowledged. Authors also differed as to whether the overall trauma populations included patients with penetrating trauma or were restricted to those with blunt trauma. The regional variability in rates of penetrating trauma limits the generalizability of these data to all trauma centers, although these rates were invariably quite low.
Conclusions
Trauma patients who are clinically unevaluable have a higher prevalence of CSI than alert patients. Detection of CSI in this population is especially challenging, and places these patients at increased risk for cervical instability and quadriplegia. Knowledge of the prevalence and risk of such injuries may help establish an evidence-based approach to the detection and management of clinically occult CSI. 
